Abstract-This paper considers the bent and hyper-bent properties of a class of Boolean functions. For one case, we present a detailed description for them to be hyper-bent functions, and give a necessary condition for them to be bent functions for another case.
I. INTRODUCTION
B variables and with the maximal distance to all affine functions. In fact, the distance of an n-variable bent function to any affine function equals 2 n−1 − 2 n 2 −1 . Bent function was introduction by Rothaus [9] in 1976, later in 2001 Youssef et al [10] found a subclass of bent functions with even better cryptographic properties, which was named as hyper-bent functions. Thanks to their applications in cryptography, coding theory and combinatorial design, many interests have been put in bent and hyper-bent functions recently [2] , [3] , [4] , [6] , [7] , [8] .
In this paper, we consider a class of Boolean functions defined on F 2 n of the form: 
where n = 2m, m ≡ 2k (mod 4), k ∈ {0, 1}, a ∈ F 2 n and b ∈ F 16 . When m = 2 (mod 4), with the help of the factorization of x 5 +x+a −1 and Kloosterman sums, this paper characterizes the cases for f we give some notations and recall some basic knowledge for this paper. Then we describe the hyper-bent properties of f Hyper-bent function is an important subclass of bent functions defined as Definition 2: A bent function f : F 2 n → F 2 is called a hyper-bent function, if, for any i satisfying (i, 2 n − 1) = 1, f (x i ) is also a bent function. Charpin and Gong [4] gave the following property to determine a hyper-bent function.
Proposition 1: Let n = 2m, α be a primitive element of F 2 n and f be a Boolean function over F 2 n satisfying f (α
Then f is a hyper-bent function if and only if the cardinality of the set {i|f
Kloosterman sum is a powerful tool to study the hyper-bent properties of some classes of boolean functions.
Kloosterman sums on F 2 n are defined as
Some properties of Kloosterman sums are given by the following proposition.
Proposition 2:
And the value of Q m (a) is related to the factorization of the polynomial
Proposition 4: [11] The Ramanujan-Nagell equation
n+2 has at most 4 solutions (x, n), which are
where k ∈ N and D ∈ N is odd. With the help of the solutions of Ramanujan-Nagell equation,
Proof: By Propostion 3, if K m (a) = −4,
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ENT function is a class of Boolean functions with even
The rest of paper is organized as follows. In Section II, It is easy to check that when m 1 < 5, 2·2 m1 +5 is not a square. By Propostion 4, (2) has at most 4 solutions
where k ∈ N. We can check all the 4 solutions can not satisfy (2) . For example, if
Thus (3) has no integral solution, therefore (2) has no integral solution either, which concludes the proof.
III. THE HYPER-BENT
In the this section, we consider the Boolean function f defined by (1) , where n = 2m, m ≡ 2 (mod 4), a ∈ F 2 n and b ∈ F 16 . As the cyclotomic coset of 2 module 2 n − 1 containing
Its size is 4, or o(
a,b is neither in the class considered by Charpin and Gong [4] nor in the class studied by Mesanager [6] , [7] .
Let α be a primitive element of
From the definition of S i ,
To study the hyper-bent properties of f
a,b , we define the following character sum
Similar to the proof of Proposition 9 in [1] , the hyper-bent properties of f 
where a, b is defined as above and k ∈ N.
is a special case studied by Charpin and Gong in [4] . In this paper we only consider the case of k ≡ 0 (mod 5).
Proposition 6: The hyper-bent properties of f
can be represented by that of f
Proof: For b ∈ F * 16 , b can be written as b = ωβ j , where
It is easy to check,
).
Then Tr 
, that is to say, f , we have the following results
a ,bβ i . By Proposition 7 and Proposition 6, when a ∈ F 2 n , k ∈ N, b ∈ F 16 , the hyper-bent properties of f a,b had been studied elaborately in [1] , in the following parts of this Section we only consider the rest cases of r. Proof: By (5),
1) The hyper-bent properties of f
As ξ
By (9), when
, and thus
a,0 is not a hyper-bent function.
When b = 0, b can be represented as b = ωβ j , where
Since ω 3 = 1 and ω 4 = ω, we have
As β satisfies
a,β j is not a hyper-bent function. When ω = 1, we have
Then χ(Tr
By Proposition 5, the second part of this proposition follows.
In Proposition 8, we consider the hyper-bent properties of the Boolean function f Proof: (
World 2) The hyper-bent properties of f (5) a,b where a ∈ F 2 n : In this part, we always assume n = 2m, m = 2m 1 , m 1 ∈ N.
Lemma 2:
Since ∀b ∈ F * 
where 
By Lemma 2,
is not a hyper-bent function.
If
is a hyper-bent function if and only if S 2i = 1.
When b = 0, the hyper-bent propriety of f (2) a,0 has been studied by Canteaut et al in [2] . We consider the case of b = 0.
Proposition 11: 
Hence f a,b has the same hyper-bent properties.
Proof: Notice that
where
a,b and f (5) a,b has the same hyper-bent properties.
If r ≡ 1 (mod 5), then
and f (1) a,b has the same hyper-bent properties. If r ≡ 2 (mod 5), then
By Lemma 1 in [1] ,
Hence, Λ r (a, b) = Λ 3 (a, b). From (14) and (15), we have
a,b and f (2) a,b have the same hyper-bent properties.
Similarly 
, the hyper-bent properties of f The second case is n = 28, where a and b satisfy
When r ≡ ±2 (mod 5) and (r, 
